The diversity of behavior and responses that a cell undergoes through differentiation and growth is the product of the highly coordinated and regulated expression of different genes. The identification of genes that are differentially expressed in a particular tissue or developmental stage is critical to understand a unique function played for such a tissue and/or the molecular ground of the differentiation process. Moreover, pathologies such as cancer (1) and neurodegenerative diseases (2) are often associated with, if not generated by, genes that are expressed in a differential manner to their normal counterparts.
Subtracted cDNA libraries are extremely useful tools to isolate the coding sequences of genes differentially expressed Unfortunately, constructing a subtracted cDNA library is not always an easy task. Typically, subtractive hybridization experiments involve hybridizing tens of micrograins of poly(A) + RNA (called driver) with >10-fold less cDNA (target) from the tissue to be studied. Then, the unhybridized (enriched) single-stranded cDNA is separated from the RNA-DNA hybrids and the excess single-stranded RNA, and cloned Separation techniques usually employed include hydroxylapatite column chromatography (3) or phenol extraction of biotin-streptavidin-crosslinked polynucleotides (4) . Although all this technology has proved useful, it suffers from major drawbacks. The strategies employed for separation of the hybridized material from the unhybridized one are either technically difficult to perform or include extra steps such as the biotinylation of the driver. Because several rounds of hybridization-subtraction are, in general, needed to achieve a good level of enrichment, every modification aimed toward the simplification of this technique can represent a major improvement Here, we describe an improved method of subtractive hybridization which eludes many of the problems encountered by standard procedures. The utilization of single-stranded libraries both as target and driver was first introduced by Duguid et al. (5) . Our protocol is based on the utilization of a single-stranded phagemid vector library as target and cDNA from a different source as a driver. After the hybridization, the library ssDNA-cDNA hybrids are digested with a pool of common cutting restriction enzymes. The only plasmids that are not cut are those that remain unhybridized and thus, single-stranded The mix is then filled-in and re-introduced into Escherichia coli by electroporation.
This new subtraction process was performed using as target a guinea pig organ of Corti cDNA library constructed in the phagemid pSPORT-1 and using as a host the Kcoli strain XL-1 Blue. Details of this library are given in (6) . The single-stranded DNA target was prepared following the protocol on (7) with minor modifications. Transformants from the organ of Com' cDNA library (2 x 10 6 ) were used to inoculate 200 ml LB broth with 100 ug/ml ampicillin. The flask was then shaken for 3 h at 37 °C, the bacteria inoculated with 1 (il/ml of VCS-M13 helper phage (Stratagene, >1 x 10 u p.f.uVml) and incubated for 2 h at 37 °C. Then, kanamycin was added to a final concentration of 75 ug/ml and the infected cells were incubated for an additional 18-24 h at 37°C. The cells were centrifuged at 16 000 g for 15 min and the supernatant was filtered through a 0.2 um sterile filter. The filtrate was then incubated at room temperature for 3 h with 2000 U DNAse I (10 U/ml, final concentration). After this incubation 50 ml of 2.5 M NaCl, 20% polyethylene glycol (PEG 8000) was added The mixture was vortexed, incubated on ice for 1 h and centrifuged at 16 000 g for 20 min. The pellets were resuspended in 3 ml of TE buffer. Samples were then digested for 1 h at 45°C with 100 ug/ml of proteinase K and 0.1% SDS (final concentrations). DNA was extracted four times with phenol-chloroform, precipitated with ethanol and dissolved in 200 ul of TE. DNA was frozen at -20°C for 1 h and centrifuged in a microcentrifuge for 15 min at 14 000 g. The supernatant containing the ssDNA was removed and stored at -20°C.
In order to prevent the unspecific hybridization between the ssDNA library and the driver cDNA, the poly(A) region of the inserts of the library was blocked in a primer extension reaction. Briefly, 20 ug of the ssDNA library were annealed to 4 (ig of the Notl-dT primer (GCG GCC GCC CT 15 ) by heating to 90° C for 2 min and then incubating at 55 °C for 30 min. Extension reaction was driven by AmpliTaq DNA Polymerase in the presence of 600 uM dTTP at 70 °C for 20 min. The sample was phenol-chloroform extracted and ethanol precipitated.
Guinea pig brain cDNA was used as the single-stranded driver. Total RNA was purified from brain by using the acid phenol extraction protocol (8) . RNA integrity was tested by formaldehyde-agarose gel electrophoresis. Poly(A) + mRNA was purified using magnetic beads coupled to oligo (dT)25 (Dynabeads®, DYNAL), following the manufacturer's indications. cDNA was synthesized using StrataScript™ reverse transcriptase (Stratagene). Reactions were performed using -10 |ig of poly(A) + mRNA in 50 mM Tris-HCl, pH 8.3, 75 mM KC1, 3 mM MgCl 2 , 10 mM DTT, 0.5 mM dNTP, 50 ng/ul Oligo (dD^-ig, 50 ng/ul Random Primers, 40 U RNasin® (Promega) and 500 U of StrataScript. The efficiency of the cDNA synthesis reaction was assayed by acid precipitation and Cerenkov counting. The reverse transcriptase
To whom correspondence should be addressed was inactivated by heating the sample at 55 °C for 5 min and template RNA was removed by digesting it with 6 U of RNase H. The cDNA was then cleaned from primers and oligonucleotides using the GLASSMAX™ Spin Cartridges (BRL).
The hybridization reaction was started by co-precipitating together 1 ug of the blocked ssDNA library with 10-12 ug of cDNA. Pellet was washed with ethanol 70% and resuspended in 13-3 \il of hybridization buffer (50% formamide, 25 mM Hepes, pH 7.5,1 mM EDTA and 500 mM NaCl). This buffer proved to be the most appropriate for the reactions. Phosphate buffers sometimes precipitate, considerably lowering the efficiency of transformation. Formamide allows longer incubation periods because of the lower temperatures needed for an equivalent stringency (42 °C compared with 65 °C in aqueous solutions). These optimized conditions are in good agreement with the ones described independently by Wu et aL (9) . The hybridization mix was top layered with mineral oil and incubated at 42 °C. A mock reaction with 1 (ig ssDNA and no driver was also done. This control reaction was treated, in all further steps, the same way as the experimental one. Hybridization reactions were performed to a Rot of ^lO 3 .
The ssDNA-cDNA hybrids were subtracted by digestion with restriction endonucleases. Several enzymes were tested for their abilities to digest dsDNA while preserving intact the ssDNA. Standard reaction conditions were employed and cleavage was assessed by agarose gel electrophoresis (data not shown). Bfal, Dpn\, NlaUl and Rsal were selected because of their performance. These restriction enzymes recognize tetranucleotide sequences. Each enzyme should cut, theoretically, once every 256 bp. By using the four together it is highly likely that every single hybrid would be cleaved at least once. The subtractive digestions were done in a final volume of 100 (il, using 2 U of each enzyme in the presence of 20 mM Tris-acetate, pH 7.9 at 25°C, 10 mM Mg-acetate, 50 mM K-acetate and 1 mM DTT. Digestions were performed for 30 min at 37°C. Samples were phenol-chloroform extracted and ethanol precipitated.
In order to increase the efficiency of transformation, the single-stranded DNAs that remained unnicked after the enzymatic cleavage had to be converted to double-stranded DNA. The fill-in reactions were performed in a 50 (jJ total volume in the presence of 10 mM Tris-HCl pH 8.3,50 mM KC1,1.5 mM MgCl 2 ,0.001 % gelatin, 330 uM each dNTP, 50 ng of the Notl-dT oligonucleotide and 2.5 U AmpliTaq DNA Polymerase. Samples were incubated at 70°C for 2 min, then at 55°C for 5 min and finally at 72°C for 20 min. After the fill-in reaction, salt concentration was adjusted to 2.5 M with NH4-acetate and DNA ethanol-precipitated
The DNA was introduced into E.coli strain XL-1 Blue MRF (Stratagene) by electroporation.
This entire process constitutes a single round of subtraction. Four consecutive rounds were performed on the organ of Corti library.
A first indication of the efficiency of the subtraction procedure is given by the reduction of the Amp 1 colonies. After the first round of subtraction, the Amp 1 " colonies were reduced from 2.66 x 10 7 in the control reaction to 8.9 x 10 5 in the subtraction. This data shows that the original material was reduced to 96.7%. However, a more accurate and reliable parameter to assay the subtraction efficiency consists in the relative quantification of a molecule. By evaluating the removal of a particular sequence from the system, you can estimate the level of enrichment for an equally abundant but differentially expressed molecule. Because highly abundant sequences are removed to a greater degree than less abundant ones, it is important to assay them by taking their relative abundance into consideration. This fact is in general overlooked, and the subtracted libraries are usually evaluated only at the highly abundant sequence levels.
We chose y-actin and Transfemn Receptor (TFR) as markers for highly abundant and low abundant molecules, respectively. Briefly, samples of both, the control and subtracted libraries, were screened with PCR-generated fragments of the above mentioned molecules. High stringency conditions were employed for the hybridization (6x SSPE, lOx Denhardt's solution, 1% SDS and 0.1 mg/ml sonicated salmon sperm DNA; 65°C) and washes (0.4x SSPE, 0.5% SDS; 65 °Q. The results obtained are summarized on Table 1 . As is shown in this table, highly abundant sequences are efficiently removed after the first round of subtraction, however it is necessary to perform three cycles to significantly affect the sequences that are as abundant as the transferrin receptor. After the fourth round, both markers were reduced to <10% their original levels ( Table 1) .
The method described here presents an efficient and easy alternative to generate subtracted libraries. One of its major advantages is the use of an extremely common and familiar technique, as is the digestion with restriction endonucleases, to circumvent the problem of the removal of hybrids. This new methodology is much simpler than any former procedure, yielding equally or even better levels of enrichment 
